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sisal fibre----epoxy composite were evaluated using epoxy composite were evaluated using epoxy composite were evaluated using epoxy composite were evaluated using standard methods. Epoxy type 3354A with its standard methods. Epoxy type 3354A with its standard methods. Epoxy type 3354A with its standard methods. Epoxy type 3354A with its hardener hardener hardener hardener was was was was mixed in the ratio 2:1. Calcined kaolin particle with mixed in the ratio 2:1. Calcined kaolin particle with mixed in the ratio 2:1. Calcined kaolin particle with mixed in the ratio 2:1. Calcined kaolin particle with average size of 35µm and 3 average size of 35µm and 3 average size of 35µm and 3 average size of 35µm and 3----4mm sisal fibre were added to the epoxy matrix during the composite manufacture in a 4mm sisal fibre were added to the epoxy matrix during the composite manufacture in a 4mm sisal fibre were added to the epoxy matrix during the composite manufacture in a 4mm sisal fibre were added to the epoxy matrix during the composite manufacture in a proportion of: 60 bre and Kaolin bre and Kaolin bre and Kaolin respectively. The green mixtures were poured into aluminum mould and left for 24 hrs to cure. The respectively. The green mixtures were poured into aluminum mould and left for 24 hrs to cure. The respectively. The green mixtures were poured into aluminum mould and left for 24 hrs to cure. The respectively. The green mixtures were poured into aluminum mould and left for 24 hrs to cure. The results showed results showed results showed results showed that the addition of kaolin and sisal fibre affected mechanical properties of the epoxy that the addition of kaolin and sisal fibre affected mechanical properties of the epoxy that the addition of kaolin and sisal fibre affected mechanical properties of the epoxy that the addition of kaolin and sisal fibre affected mechanical properties of the epoxy resin. The resin. The resin. The resin. The maximum strain maximum strain maximum strain maximum strain observed for e observed for e observed for e observed for each specimen after tensile tests were as follows: 12% for specimen A; 12% for specimen B; 3.9% for ach specimen after tensile tests were as follows: 12% for specimen A; 12% for specimen B; 3.9% for ach specimen after tensile tests were as follows: 12% for specimen A; 12% for specimen B; 3.9% for ach specimen after tensile tests were as follows: 12% for specimen A; 12% for specimen B; 3.9% for specimen C; 11.5% for specimen D and 6% for specimen E. The Shore D hardness values were as follows: 79.1 for specimen C; 11.5% for specimen D and 6% for specimen E. The Shore D hardness values were as follows: 79.1 for specimen C; 11.5% for specimen D and 6% for specimen E. The Shore D hardness values were as follows: 79.1 for specimen C; 11.5% for specimen D and 6% for specimen E. 34 . Specifically, the tensile and hardness properties increased proportionately with the fibre quantity and inversely p properties increased proportionately with the fibre quantity and inversely p properties increased proportionately with the fibre quantity and inversely p properties increased proportionately with the fibre quantity and inversely proportional to the kaolin content. These roportional to the kaolin content. These roportional to the kaolin content. These roportional to the kaolin content. These are attributed to the level of bonding strengths between the fibre are attributed to the level of bonding strengths between the fibre are attributed to the level of bonding strengths between the fibre are attributed to the level of bonding strengths between the fibre----matrix matrix matrix matrix----particulate interfacial adhesions particulate interfacial adhesions particulate interfacial adhesions particulate interfacial adhesions. . . [1] [2] [3] [4] [5] [6] [7] . When the right proportion of constituent materials are mixed in the most suitable matrix or resin, it will lead to the production of composite with better properties when compared to the materials' initial properties. Some of the engineering and economic benefits derivable from this effort include: energy savings, light weight, cleaner environment, low cost, high specific strength and biodegradability. Some of the areas of structural application of these composites are in automobile, aerospace and aircraft parts due to reduction in weight [8, 9] . In order to enhance the properties of the composites formed, fiber modification or pretreatment using both physical and chemical methods are paramount. This method of fiber modification or pretreatment includes mercerization, isocyanate treatment, acrylation, permanganate treatment, acetylation, silane treatment and peroxide treatment [10] [11] [12] . Several studies on the use of natural fibers in reinforcing plastics and composites have been reported [13] [14] [15] . Generally, it is acknowledged that the efficiency of any fiberreinforced composite is dependent on interface between the matrix and the fiber, hence the composites' ability to transfer the stress from the matrix to the fiber. This property enhances and determines the mechanical properties of such composite formed. Hybridization gives room for flexibility in materials design thereby providing opportunities for tailoring material properties in certain areas to meet specific requirements. In order to improve upon the strength and absorptivity resistances of natural-fiber incorporated composites, several studies [16] [17] [18] [19] [20] have shown the hybridization of these fibers in composite development. Studies reveal that the tensile strength and modulus of hybrid glass/flax/polypropylene composite was a function of the composition ratio of the glass to flax [21] [22] . Similarly, addition of coupling agents was found to improve the flexural and tensile properties of most composites [22] [23] [24] [25] [26] . Kaolin is an inert inorganic and predominantly amorphous substance which is sparingly soluble in water. Calcined kaolin consists mainly of quartz which is normally crystalline silica [27] . Kaolin clay can be chemically described as a group of stacked anhydrous aluminum silicates composed of approximately 45% silica (SiO2), 37% alumina (Al2O3) and minor naturally occurring trace impurities. Calcination process in kaolin modification enhances the properties of the final material obtained. The calcination of kaolin removes the crystalline bound water of hydration which is usually 14% by weight [28 -30] .The calcined kaolin can serve as a binding agent, filler, fixing agent, heat transfer agent, catalyst support and processing aid in a broad range of application [30] . The calcination process drives off water from the main constituent of kaolin which is kaolinite (Al2Si2O5(OH)4) thereby collapsing the material structure which gives rise to an amorphous aluminosilicate (Al2Si2O7) called metakaolinite, this process renders the kaolin non-plastic [30] . A typical composition of kaolin is presented in Table 1 . The use of epoxy resin in composite studies is quite extensive [31] [32] [33] . Epoxies find application in metal coatings, electronic and electrical components, hightension electrical insulators, fibre-reinforced plastic/composite materials and structured adhesives [33] . However, polyesters, vinyl ester and other thermosetting resins can also be used for fiber reinforced composite materials. The choice of epoxy matrix in this study is due to its known and excellent adhesion, chemical and heat resistance, good/excellent mechanical properties and very good electrical insulating properties. Though they are more expensive than polyester resins and vinyl ester resins, they produce stronger and more temperatureresistant composite parts/materials.
Composites are commonly produced by mixing fibers which serve as reinforcement agents with fillers in a polymeric resin as matrix. The role of fiber in the composite serves as a means of load transfer, and also, resists tensile/flexural loads [34] [35] [36] . To minimize the use of high energy based fibers, researchers [37] [38] [39] have adopted the use of hybridized fibers which can be a mixture of synthetic and natural fibers or a combination of natural fibers. The use of biodegradable materials is presently facing some inherent challenges [40] [41] [42] [43] [44] , among which are: inadequate technical information on plants, variations in species, processing ability at industrial level, environmental effects due to humidity and temperature and influence of microbial organisms on the structural integrity of the composite formed [45] [46] [47] . However, no studies exist on the hybridization of sisal fiber with calcined kaolin and epoxy matrix in composite fabrication. The use of sisal fiber only in the development of composite and as a means of reinforcement in composite polymer has been reported by many researchers [48] [49] [50] [51] [52] . In these studies, it was observed that cracking of the matrix resin, bridging and breakage of the fiber materials, fracture failure and fatigue wears were the prominent composite disintegration challenges encountered. In this work, our focus is to investigate the tensile and hardness properties of the short sisal fiber reinforced with kaolin particle filled epoxy matrix.
MATERIALS AND METHODS MATERIALS AND METHODS MATERIALS AND METHODS MATERIALS AND METHODS 2.1 Preparation of the Kaolin 2.1 Preparation of the Kaolin 2.1 Preparation of the Kaolin 2.1 Preparation of the Kaolin
Raw Kaolin was sourced from a deposit in Alkaleri town, Bauchi State, Nigeria. The kaolin was sieved through a stack of sieves ranging in pore size (diameter) of 500µm to 35µm to obtain the finest particle size of 35µm. The finest particle size of the kaolin, 35µm sieve size was then placed in a stainless steel container and calcined in a Thermotech TIC-4000E oven with temperature controller. The temperature of the oven was maintained at 700 o C for six (6) hours during the calcination process to remove traces of moisture from the kaolin. The calcination was meant to remove the crystalline bound water of hydration which is usually 14% by weight [27 -30] . During the calcination process, impurities in the kaolin were oxidized. Thereafter, the calcined kaolin was packaged in a sealed cellophane bag and kept in a desiccator. [10] [11] [12] . A known weight of sodium hydroxide pellet (204g) was dissolved in 10 liters of distilled water and 900g of sisal fiber was thereafter soaked in the solution. Weight/weight percent of sodium hydroxide pellet and distilled water was used in the preparation of 2% NaOH solution. The solution was maintained at room temperature for 24hrs in an enclosure. The resulting fibers were thoroughly and severally washed in distilled water and left to dry at room temperature for 48hrs with the aid of an electric fan. Subsequently, the treated fibers were oven-dried at 100 o C for 2days at 8hrs per day due to the high humidity of the period. Finally, the fibers were chopped to required sizes ranging from 2mm to 4mm with the aid of scissors and paper board cutter. Figure  1 shows the chopped and treated sisal fibers. for the tensile test specimen was used for producing the required composite specimens. Firstly, a mould releasing agent; polyvinyl acetate (PVA) was applied severally on the mould to fill-up any cavity noticed on the mould and to act as a mould releasing agent. This was then oven-dried at 70 o C for 2hrs. Thereafter, the PVA was re-applied on the mould and left to dry at room temperature for 6hrs. In addition to the use of the PVA as mould releasing agent, RTV silicone sealant (ABRO 2000, U.S.A) which bonds, seals and insulates the mould was applied to fill noticed cavities on the mould and this was left to cure at room temperature for 24hrs. The procedure was repeated for subsequent composite specimens' preparations.
Matrix material
2.3 Matrix material 2.3 Matrix material 2.3 Matrix material The matrix material used was Epoxy type 3354A and its hardener. Epoxy type 3354A is a two
Preparation of the Preparation of the Preparation of the Preparation of the Control Composite Specimens Control Composite Specimens Control Composite Specimens Control Composite Specimens
A calculated volume of epoxy resin and hardener in the ratio of 2:1 was used as 'control' for sample 'A' preparation. 146.66ml of epoxy resin was measured using a measuring cylinder and a MEHECO disposable syringe into a clean plastic container (bowl). Also, 73.34ml of the hardener was measured using another disposable syringe into the same plastic bowl. The mixture was gently but thoroughly stirred manually for 5minutes to create an even and homogeneous mixture and to minimize gas/air entrapment. The mixture was gradually but gently poured into two sets of moulds and left to cure for 24hrs at room condition. The specimens were evacuated from the mould and then prepared for characterization according to relevant standards. Sample sets A is shown in figure 2.
Preparation of samples Preparation of samples Preparation of samples Preparation of samples
Preparation of sample sets B, C, D and E represent different weight percents of the fiber material and the kaolin in the final composite samples. The percentage weight of epoxy resin in all four samples was kept constant while the percentage weight of both the fiber material and kaolin was varied appropriately as shown in Table 2 . In all sample preparations, 150.33ml of the matrix consisting of the epoxy and the hardener in the ratio of 2:1 respectively was measured and mixed in a plastic bowl into which30g, 60g, 90g and 120g respectively of the fiber material (sisal) and 90g, 60g and 30g respectively of the filler material (kaolin) was thoroughly mixed together for 10 minutes to ensure proper and even distribution of kaolin and fiber in the mixture phase. Afterward, the mould was gradually and gently filled-up with the composite until the cavity was completely filled with the composite material. This was left to cure for 24hrs at room temperature. Finally, the composite samples were evacuated from the mould after 24hrs and characterized accordingly. Figure 3 shows the composite samples. The structural analysis of the calcined kaolin and the treated sisal materials were conducted using a PANalytical XPERT-Pro MPD X-ray Diffractometer PW 3040/60 system [53] [54] [55] [56] [57] . Powdered sisal and kaolin samples weighing 5g were separately loaded into a cylindrical sample holder which was mounted on the XRD machine sample stage. Monochromatic radiation was allowed to strike the mounted samples after stage-spinning was enabled on the sample stage, for the required scanning time and 2θ angle [58] [59] [60] [61] . The scan range (2θ) was from 10° to 100° with a step size (2θ) of 0.0670, scan step time (sec) of 59.6900 and using CuKα monochromatic radiations Kα1 and Kα2 of 1.54060Å and 1.54443Å respectively and K-beta of 1.39225Å. The wavelength, accelerating voltage and current were 1.54060Å, 40Kv and 30mA, respectively. The intensity of the rays was measured at Bragg's 2θ angle from start angle of 10° to end angle of 100° and this was displayed as the scan diffractogram on a real time computer connected to the XRD system. The crystallinity and other parameters were determined from the x-ray diffraction analysis using the system's softwares. The Tensile test was done with a TIRA test 2810 universal test machine. Each specimen was set-out for test with a gauge length of 56 mm. Before the commencement of the test, the specimens; A's, B's, C's, D's and E's were machined to size,13 x 7.50 mm,13 x 7.50 mm,13 x 9.00 mm,13 x 10 mm and 13 x 7.20 mm, respectively according to ASTM D3039 standard. The TIRA test 2810 system was set in tensile mode with a test speed of 1 mm/min and a strain-rate of 10 N/s. Each specimen was gripped at a gauge length of 56 mm. The test was conducted using ASTM D3039 standard with 85% End-Of-Test-Criterion. The test, using Shore (Durometer) hardness method was done at 24°C and measurements were made on at least three different positions on the specimen, 10 mm apart. The indenter was vertical with respect to the specimen surface during test. The hardness tester's contact surface was brought into contact with the specimen material without jolting. The test load used according to the Shore D hardness test was 50N and the hardness value was read off three seconds after the hardness tester contacted the specimen in accordance to ASTM D2240. Sisal Fiber Sisal Fiber Sisal Fiber The treatment process of the sisal fiber using mercerization led to an increase in the amount of amorphous cellulose and the removal of hydrogen bonding in the network structure [8, 9] . Since the natural fiber had hydroxyl groups from cellulose and lignin, hence, amenable to modification. The surface tension and polarity of the fiber surface was modified through the process resulting in cleaner fiber surface that had been chemically modified, stoppage of moisture absorption process and increase in fiber surface roughness [10] [11] [12] . Similarly, adhesion between fiber surface and polymer matrix was improved as well as improvement in fiber strength resulting in enhanced mechanical properties [13, 14, 16, and 18] . -ray ray ray ray Diffractometry Diffractometry Diffractometry Diffractometry Analysis Analysis Analysis Analysis The XRD profile of the calcined kaolin samples identified quartz as the main constituent of the sample with a chemical formula of SiO2. The quartz was identified variously as low synthetic quartz, amorphous-SiO2 and low-grade quartz with scores of 53%, 40% and 42% respectively on the International Centre for Diffraction Data (ICDD) database [53] [54] [55] [56] . The profile exhibited well resolved and intense peaks at 2θ positions 20.8283°, 25.2718°, 26.6019°, 48.0066° and 50.1323°. These peaks identified the compound as mainly quartz (SiO2) with the highest peak position occurring at 26.6019° corresponding to a Height of 1871.00 (cts) [57] . The crystallographic parameters showed a hexagonal single crystal system. It was observed to be an inorganic mineral which can serve as a cement and hydration product [58] [59] [60] [61] . The XRD diffractogram of the calcined kaolin is shown in Figure 4 . The XRD analysis of the sisal fiber indicated three prominent peaks at 2θ positions of 14.9231°, 16.1714° and 22.7477° with the highest peak height occurring at a height of 6625.35cts. The constituent compound of the sisal fiber was identified as Sodium Calcium Aluminum Boron Oxide Hydrate with a chemical formula of B11.7Al2Ca1.32Na0.12O21.93.5.4H2O and empirical formula of Al2B11.7Ca1.32H10.8Na0.12O27.33. It had a scale factor of 0.974, a score on the ICDD database of 57 [53] [54] [55] [56] [57] .Each of the peaks corresponds to the identified constituent compound in the sisal fiber but with varying compositions/ (degrees). The crystallographic crystal system parameter was unmatched indicating a purely amorphous chemically treated material [58] [59] [60] [61] . The XRD diffractogram of the treated sisal fiber is shown in Figure 5 . Figures 6 -10 show the stress-strain curves for the different specimens. For the 'control sample A', the stress-strain curve was not perfectly linear. The maximum strain recorded was 12 %. For composite specimen B, there was a linear relationship between the stress and strain from 0 to 4.3%, thereafter a steep increase which had a linear relationship was observed from 4.3% to a maximum strain of 12%. However, for specimen C, there was a linear relationship between the stress and strain from 0 to 3.7%. Thereafter, a steep increase that had linear relationship from 3.7% to 3.8 % (maximum strain) was observed before failure because of the high volume fraction of fiber in specimen C, which suggests that there was no good adhesion between kaolin and fiber, leading to the sudden (3.8%) failure of the specimen. Specimen D, had linear relationship from 2-11.5 %. This composite represents equal amount (by weight) of sisal fibre and kaolin powder. For specimen E, the maximum strain attained was 6% at a lower stress (2.4N/mm2). Subjecting the specimens to the same strain rate, it was observed that specimen C had the least strain (3.8%).
Composite materials with higher stress-strain values tend to show appreciable elongation before failure. Hence, the order of elongation before failure of the specimens was: A=B>D>E>C.
From the bar chart analysis of the ultimate tensile strength (UTS) shown in Figure11, the maximum stress was in the order A>B>D>C>E, it was observed that there was a gradual reduction in UTS from sample B to E occasioned by the increase in Kaolin and reduction in sisal fiber content. A similar study using another member of the clay family confirms that more addition of red mud decreases the tensile strength value of sisal/polymer composite [22] . This was due to the chemical reaction at the interface between the filler particles and the matrix getting too weak to transfer the tensile stress [22] [23] [24] . However, as the percentage fiber increased, the UTS also increased correspondingly. It can be inferred that the presence of kaolin particles might have caused some form of obstruction to load transfer from the matrix to the fibers. It has been reported [24] that as fiber quantity is increased in a composite, there is a corresponding increase in its tensile strength due to improved interfacial adhesion between the fiber and the matrix. In this study, a similar behavior was observed.
Hardness
Hardness Hardness Hardness From Figure 12 , it was observed that the Shore D hardness of the matrix composite reduced from 55.68 (40wt% sisal, 0wt% kaolin (Sample B)) to 42.82 (30wt% sisal, 10wt% kaolin (Sample C)) and thereafter increased to a maximum of 81.34 (10wt% sisal, 30wt% kaolin (Sample E)). A trend observed was such that the more kaolin in the composite, the greater the hardness values of the final composite formed. Therefore, the increase in hardness was due to the improvement in the bonding strength between the kaolin particles and the matrix. This is agreement with the work done by Manasa et.al [62] . hardness. This was attributed to the presence of quartz (SiO2), which is the major constituent of kaolin. However, the tensile strength of the composite decreased with increase in kaolin due to poor adhesion between the kaolin and matrix for effective load transfer to the sisal fibre. iii. The maximum strain observed for each specimen were as follows: 12% for specimen A; 12% for specimen B; 3.9% for specimen C; 11.5% for specimen D and 6% for specimen E. Hence, the order of elongation before failure of the specimens was: A=B>D>E>C which shows that increment in kaolin reduces the strain values. 
